Laser crystallization of hydrogenated amorphous silicon (a-Si:H) films is an important issue due to potential applications in solar cells, thin film transistors and others. One of the main limits of this technology is films dehydrogenation upon the laser processing, while hydrogen content is a key factor for obtaining high quality films for photovoltaics. The use of femtosecond laser pulses could potentially allow to produce the nonthermal and ultrafast a-Si:H film modifications preventing hydrogen out-diffusion. In this study we investigated an impact of a-Si:H films' hydrogen content on crystallization process and structural transformations introduced by femtosecond laser treatment along with electrical, optical and photoelectric properties of modified films. a-Si:H films with a thickness of 300 nm were deposited onto quartz substrate by PECVD method. An argon diluted silan (SiH 4 ) was used as a precursor gas. Different hydrogen content in films' structure was achieved by variation of substrate temperature (T s =130 and 240 °C). The samples were scanned with Yb:KGW laser system (λ= 1030 nm, τ = 300 fs) with different laser fluences (30-150 mJ/cm 2 ). The beam spot diameter on the film surface was 20 μm. The samples were irradiated by scanning with the step of 2 μm and the translation speed of 5 mm/s.
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Laser treated a-Si:H films were partially crystallized with estimated crystalline volume fraction (f C ) up to 70%. Nano-Raman spectroscopy was used to obtain maps of crystalline fraction distribution along the samples surfaces. It revealed a non-uniform structural changes induced by laser treatment. Despite the high overlapping between the neighboring scanning tracks, the crystallization process preferentially occurred in the middle of the track, forming a periodic structure with a period of 2 μm. Inhomogeneity disappeared for high laser fluences, when measured f C exceeds 60 %. and 2100 cm -1 commonly attributed to Si-H and Si-H 2 bonds correspondingly were detected in the studied films. Total hydrogen concentration decreased with the increase of T s . For both investigated samples laser processing led to hydrogen out-diffusion, which became more pronounced with the increase of laser fluence. It has been shown that the less hydrogen content in the film the less laser fluence is needed for its crystallization. Possible mechanisms of structural transformations are discussed.
Structural modification forced changes in films' electrical and photoelectric properties. Dark conductivity dramatically increased (by more than 3 orders of magnitude) and activation energy of the films dropped from 0.97 eV (for untreated sample) to 0.4 -0.6 eV with increase of crystalline volume fraction in the treated films. The change of photoconductivity value was less pronounced and did not exceed one order of magnitude. We have attributed mentioned changes to the emergence of nanocrystalline pathway for charge carriers. At the same time the shape of spectral dependencies of absorption coefficient, measured by constant photocurrent method, remained a-Si:H-like for both films until the crystallinity reached 60-70 %. We attribute this result to the contribution of amorphous phase to the photoconductivity of non-uniformly modified two-phase films.
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